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Background: To compare the results obtained with T3 versus T4 sympathectomy in treatment of primary
palmar hyperhidrosis (PH).
Methods: By retrospective review of medical records of patients with PH who underwent thoracoscopic
sympathectomy from February, 2009 to September, 2012. The patients were categorized into two groups:
T3 group underwent T3 sympathectomy and T4 group underwent T4 sympathectomy. Patients were
evaluated according to the results of sweating, compensatory hyperhidrosis (CH), degree of satisfaction,
complications and recurrence. Mean follow up was 19 ± 7 months.
Results: A total of 274 consecutive patients with PH were included in this study. There were 169 females
and 105 males, with mean age of 29 ± 11 years. 129 patients underwent T3 sympathectomy (T3 group).
The T4 group included 145 patients who underwent T4 sympathectomy. 71.7% patients of T4 group did
not complain of CH in comparison to 25.6% patients in group T3 (P ¼ 0.001) and the incidence of mild to
moderate CH was higher in the T3 group than T4 (64.4% vs. 26.9%; p ¼ 0.001). T4 group showed a great
signiﬁcance in the (very satisﬁed category) in comparison to T3 group (P ¼ 0.001). The incidence of over-
dry hands was signiﬁcantly lower in group T4 (0.7%, 1 out of 145) than in group T3 (8.5%, 11 out of 129).
The recurrence rate was similar in the two groups (0.8% vs. 1.4%; P ¼ 0.19).
Conclusion: Video-assisted T3 or T4 sympathectomy is a safe and effective procedure for treatment of
palmar hyperhidrosis. T4 sympathectomy appears associated with less severe dryness and CH than T3
sympathectomy at long-term follow-up.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Primary hyperhidrosis is a benign sympathetic disorder that is
characterized by excessive sweating affecting one or more areas ofEllatif).
by Elsevier Ltd. All rights reservedthe body andmay cause social withdrawal and even depression [1].
An incidence of up to 1% has been reported by various series.
Although hyperhidrosis affects both men and women equally,
women are more likely to seek medical attention, which may
explain the higher incidence of female patients in most surgical
series [2,3]. Various treatment options are available, including
topical and systemic therapies, iontophoresis, regional nerve block,
and botulinum toxin injection. However, each has its own.
Table 1
Patients’ characteristics.
T3 N ¼ 129 T4 ¼ 145 P value
Age (years) 32 ± 12 34 ± 10 NS
Gender (M/F) 50/79 55/90 NS
Symptoms duration (years) 11 ± 3 13 ± 4 NS
BMI (Kg/m2) 29 ± 6 27.5 ± 7 NS
Family history (%) 29% 27% NS
Accompanying plantar hyperhidrosis 129 (100%) 145 (100%) NS
Accompanying axillary hyperhidrosis 61 (47.3%) 75 (51.7%) NS
Follow-up period (mean ± SD) (m) 19 ± 8 17 ± 6 NS
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currently a worldwide accepted treatment of primary palmar hy-
perhidrosis (PH) [5].
The complications of thoracoscopic sympathectomy include
compensatory sweating, gustatory sweating, phantom sweating,
transient increase in upper limb sweating, facial anhidrosis, ptosis,
miosis, excessively dry skin of the hands and recurrence of hyper-
hidrosis. Pulmonary complications include dyspnoea, pneumo-
thorax, haemothorax and pleural effusion. However, compensatory
hyperhidrosis (CH) is the most common and serious side effect that
occurs in 30e70% of patients after T2 or T2eT3 sympathectomy [6].
For this reason T2 sympathetic surgeries are not used much
nowadays in treatment of PH.
Lin and Telaranta [7] introduced a new classiﬁcation of sympa-
thetic disorder according to segmental distribution of sympathetic
innervation. According to this classiﬁcation, interruption of T2
ganglionmay be used for treatment of facial blushing and hand-arm
vibration syndrome, T3 ganglion for treatment of facial sweating
and blushing, T4 for palmar sweating, and T5 for axillary sweating
(bromidrosis). The procedures that involve T3 or/and T4 sympa-
thectomyhave high success ratewith lower frequencyof side effects
[8,9]. However, some patients still present with certain degrees of
CH or over dry hands after operation [10].
This paper is aimed to compare the results obtained with T3
versus T4 sympathectomy in treatment of primary palmar hyper-
hidrosis in our university hospital.
2. Materials and methods
This study was conducted by retrospectively reviewing and
analysing the prospectively collected data in the medical records of
patients with PH who underwent thoracoscopic sympathectomy
from February, 2009 to September, 2012. A total of 274 consecutive
patients with PH were included in this study. There were 169 males
and 105 females, with mean age of 29 ± 11 years (range, 10e41
years). The severity of palmar sweating, the sweating in other parts
of the body, other concomitant symptoms and past medical history
were recorded. All patients were subjected to careful history taking,
clinical examination, and laboratory tests. Chest X-ray radiography,
ECG and routine blood examination were performed before sur-
gery. All patients had severe palmar hyperhidrosis (score of 3 or 4)
11 that was refractory to conservative treatment. Data were
collected in a data base sheet for statistical purpose. Patients with
bleeding diathesis, local infection, and patients who found to have
pleural adhesions were excluded from analysis.
Informed consent was obtained from all patients included in the
study, after explanation of the nature of the disease and possible
treatment. The patients were categorized into two groups: T3
group underwent T3 sympathectomy and T4 group underwent T4
sympathectomy.
2.1. Surgical technique
All surgical procedures were performed using the same surgical
technique under general anaesthesia with a single-lumen endo-
tracheal tube in supine anti-Trendlenburg's (60e70) position. The
procedure was carried out under video-assisted thoracoscopy with
contentious Co2 insufﬂation to an intrapleural pressure of
10 mmgh. Both lungs were ventilated with peak pressure of less
than 20 cm H2O at tidal volume of 5e12 ml/kg at 10e16 beats/min.
Two 5 mm ports were inserted in the 4th intercostal space (ICS),
one at the midclavicular line and the other at the middle axillary
line behind the pectoral fold. The operative approach was the same
in both groups apart from the level of division of the sympathetic
chain. The sympathetic chain was identiﬁed at the level of thecrossing of the third (T3 group) or fourth costal heads (T4 group)
after dissection of the parietal pleura and completely divided about
1 cmwide using ultrasonic device to prevent spontaneous repair of
the nerve. With assistance of anaesthesia team, the lung was
completely inﬂated in sequence with removal of the trocars. The
same procedure was performed on the opposite side after opera-
tion on one side is ended.
Routine monitoring during thoracoscopic sympathectomy in-
cludes ECG, pulse oximetry, noninvasive blood pressure and cap-
nography. There are always ventilatory changes attributed to
periods of apnea or to intrapleural carbon dioxide inﬂation that is
why pulse oximetry is essential. At the end of surgery a post-
operative chest x-ray was routinely taken to rule out pneumo-
thorax or haemothorax. Postoperative pain is a common complain,
it is characterized as retro-sternal or in the upper chest region close
to shoulders. Its exact mechanism is not well explained. It is
believed that when intrapleural carbon dioxide inﬂation is used,
mediastinum shift results in pleural stretch and pain pathways
activation. NSAIDs, may be used for post thoracoscopy pain, being
an effective and safe alternative to opioids.
Patients evaluation was conducted after 1, 3 and 6 months
thereafter every 6 months. No patient was lost for follow up with
mean follow up was 19 ± 7 months. Patients were evaluated ac-
cording to the results of sweating, compensatory hyperhidrosis,
degree of satisfaction, complications, and recurrence. The results of
the intervention were evaluated by patients as follows: “dry” when
the patient was not aware of sweat on the palms, “nearly dry”when
the patient had marked improvement whereby minimal sweat
sometimes occurred under stressful conditions and “wet when the
patient had limited improvement and was very aware of sweating.
Compensatory sweating in other regions of the body was graded as
“mild” when it was tolerable but sometimes interfered with daily
activities, “moderate” when it was barely tolerable and frequently
interferedwith daily activities and “severe”when it was intolerable
and always interfered with daily activities.
The degree of satisfaction for each patient was evaluated as very
satisﬁed, satisﬁed and partially satisﬁed. Patient satisfaction was
evaluated using an analogous scale ranging from 1 to 10 with 1
indicating no satisfaction at all and 10, the maximum possible
satisfaction. We further divided the analogous scale in 4 parts: Not
satisﬁed (1), partially satisﬁed (2e4), satisﬁed (5e7), and very
satisﬁed (8e10). Recurrence was considered when the affected
body part had become hyperhidrotic again after it had been
rendered dry after surgery.
Statistical analysis of comparisons between the 2 groups was
performed by test or using SPSS 13.0 (SPSS, Inc, Chicago, IL). For
continuous variables, descriptive statistics were calculated and
were reported as mean SD. Categorical variables were described
using frequency distributions. The Student’s t-test for paired sam-
ples was used to detect differences in the means of numerical
variables and Chi-square test was used for qualitative variables. All
P values <0.05 were considered statistically signiﬁcant.
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Patients’ characteristics are shown in Table 1. From February,
2009 to September, 2012, a total of 274 consecutive patients with
PH were included in this study. There were no signiﬁcant differ-
ences between the 2 groups in terms of age, sex, duration of
sweating or duration of follow-up. There were 105 males and 169
females, with mean age of 29 ± 11 years (range, 10e41 years). The
mean duration of palmar sweating was 9.6 ± 2.4 years. All opera-
tions were successfully performed using a video-assisted thoraco-
scopy without severe morbidity or mortality and no procedures
were converted to thoracotomy. A total of 129 patients underwent
bilateral thoracoscopic T3 sympathectomy (T3 group). The T4 group
included 145 patients who underwent T4 sympathectomy. Com-
plications such as Horner syndrome, haemothorax, intercostal
neuralgia, pulmonary edema, and atelectasis were not observed.
One patient had subcutaneous emphysema which was treated
conservatively and 17 (6.2%) patients showed residual pneumo-
thorax on follow-up chest x-ray, all of which subsided conserva-
tively without intervention.
No postoperative rebound sweating or phantom sweating that is
probably caused by residual sympathetic activity had been re-
ported. Postoperative gustatory sweating was not found in any
patients in either group. All patients were satisﬁed with complete
alleviation of their sweating in the immediate postoperative period.
Most patients in the T3 group felt dryness in contrast to the mildly
wet feeling in the T4 group (Table 2).
Accompanying axillary sweatingwas improved in 87.6% (113 out
of 129) patients in T3 group while all patients in the T4 group re-
ported complete improvement (P ¼ 0.27). Plantar hyperhidrosis
was improved in 27.9% (36/129) in T3 group vs. 26.2% (38/145) in T4
group (p ¼ 0.45). In terms of CH, the frequency of none compen-
satory sweating was signiﬁcantly different between the 2 groups
(25.6% vs. 71.7%; p ¼ 0.001), and the incidence of mild to moderate
compensatory sweating was higher in the T3 group than T4 (64.4%
vs. 26.9%; p ¼ 0.001). 2 (1.4%) patients of severe CH were observed
in the T4 group in comparison to 13 (10%) patients in T3 group. The
most frequent areas involved were chest, back, abdomen and
groins. The degree of satisfaction was signiﬁcantly higher in the T4
group compared to T3 group (P  0.001) (Table 2).
Some patients had over dry hands. The incidence of this side
effect was signiﬁcantly lower in group T4 (0.7%,1 out of 145) than in
group T3 (8.5%, 11 out of 129). Regarding to the recurrenceTable 2
Surgical outcomes.
T3 N ¼ 129 T4 N ¼ 145 P value
Treatment success
- Dry hands 74.4% (96/129) 33.2% (48/145) <0.001
- Mild dry hands 25.6% (33/129) 66.8% (97/145) <0.001
- Wet hands 0 (0/129) 0 (0/145)
Compensatory hyperhidrosis:
- None 25.6% (33/129) 71.7% (104/145) <0.001
- Mild 52.8% (68/129) 16.5% (24/145)
- Moderate 11.6% (15/129) 10.4% (15/145) <0.001
- Severe 10% (13/129) 1.4% (2/145)
Over dry hand 8.5% (11/129) 0.7% (1/145) <0.001
Satisfactory rate
- Very satisﬁed 27.9% (36/129) 72.4% (105/145) <0.001
- Quite satisﬁed 71.3% (92/129) 26.2% (38/145) <0.001
- Dissatisﬁed 0.8% (1/129) 1.4% (2/145) 0.19
Overall satisfaction 99.2% (128/129) 98.6 (143/145) 0.34
Recurrence 0.8% (1/129) 1.4% (2/145) 0.19
Reduction in plantar Sweating 27.9% (36/129) 26.2% (38/145) 0.45
Reduction in axillary sweating 87.6% (113/129) 100% (145/145) 0.27(unilateral or bilateral) rate according to the level of sympathec-
tomy, the two groups were comparable (0.8% vs. 1.4%; P ¼ 0.19).
4. Discussion
Primary palmar hyperhidrosis is a somatic disorder character-
ized by excessive perspiration of the hand. The aetiology is still
unknown, but the condition is usually associated with basal sym-
pathetic hyperactivity and mostly leads to hyper functioning of the
sudoriparous glands, which is frequently triggered by emotion [5].
There is a clear consensus now that video-assisted thoracoscopic
sympathectomy is a safe and effective treatment with a success rate
greater than 95% in most series [12]. T2 sympathetic ganglion
resection as postulated by de Campos et al. [13] has a great relation
to the severity and outcome of CH. So, the technique was recently
modiﬁed with a trend to minimize the extent of surgery to be a
more selective and to avoid this serious and distressing post-
operative complication, namely, compensatory hyperhidrosis. Gray
[14] reported an anatomical study in which he concluded that T3
and T4 preganglionic ﬁbres are considered to be the main lesion
responsible for palmar hyperhidrosis.
CH remains the most common and distressing post-
sympathectomy complication and many efforts have been made
to avoid its occurrence. Chou et al. [2] suggested that the underlying
mechanism of CH may be a reﬂex response in sweating centre in
hypothalamus but the exact mechanism of this phenomenon
remain unclear.
Lin’s hypothesis seemed to be correct until now [7]. According
to this theory; changes in sympathetic tone and disturbance of the
reﬂex arc in the hypothalamus are due to the procedures of the
upper thoracic sympathetic system. Blocking of the lumbar sym-
pathetic system for plantar sweating and peripheral block of
palmar sweating by iontophoresis and botulinum toxin injection
have no effect on CH, and these facts support that loss of reﬂex
feedback in sympathetic tone after sympathectomy. The degree of
preservation of sympathetic tone and variation of sympathetic
innervation are supposed to have individually different inﬂuences
on palmar sweating and CH.
The reported incidence of mild tomoderate CHwas estimated to
be as high as 89% of patients who undergo sympathectomy. How-
ever, the severe form of CH is less tolerable, difﬁcult to manage and
more distressing to most patients when compared with the pre-
operative condition of these patients. Currently there is no optimal
treatment for patients with CH as conservative treatment does not
satisfy most patients [15,16,17].
Various surgical methods have been attempted to reduce the
occurrence rates of compensatory sweating. Many authors felt that
the frequency and severity of compensatory sweating were corre-
lated to both the level and extent of resection. The more sympa-
thetic segments excised, especially those including T2, the greater
the incidence of severe compensatory symptoms. Dewey et al. [9]
limited the extent of resections for hyperhidrosis to a single level
and found it can reduce the incidence of severe compensatory
symptoms.
In the present study, mild to moderate CH accounts for 64.4% in
T3 group and 26.9% in T4 group (P ¼ 0.001). Two (1.4%) patients of
severe CH were observed in the T4 group in comparison to 13 (10%)
patients in T3 group (P ¼ 0.001). There were signiﬁcantly more
patients with no compensatory sweating in the T4 group than in
the T3 group (25.6% vs. 71.7%; p ¼ 0.001). So T4 sympathectomy
reduces the rate of CH and is suggested to be more acceptable. In
comparison, Neumayer et al. [11] found a rate 8.5% of CH in T4
group while Yang et al. [17] reported 70.5% in T3 group and 44.7% in
T4 group. Selective sympathectomy is one method of avoiding CH
while successfully treating palmar hyperhidrosis.
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ruption of sympathetic trunk in group T4 compared to T3
(Table 2), this result was also reﬂected in the degree of patients
satisfaction. T4 patients showed mild wetness in 66.8% and most
patients (72.4%) were very satisﬁed of the result. However, T3
group showed mild wetness in 25.6% and high satisfaction was
27.9% (p value was <0.001 in each category). This mild hands
wetness was compensated and favoured by most patients under-
went T4 sympathectomy. However, there was no signiﬁcant dif-
ference between the two group in term of overall satisfaction
(p ¼ 0.34).
Blocking of sympathetic ganglia can be achieved by transaction
or clipping. Inan et al. [18] aimed to compare the efﬁcacy of the
different methods used for sympathetic blockage, they found that
sympathetic blockage yields similar results irrespective of the
surgical technique adopted. Blockage of sympathetic ganglia by
clipping according to Lin et al. [19] has the advantage of recovery of
the sympathetic tone in the hands if the procedure is reversed by
the removal of the clips. Because of the lower severity of CS and the
similar improvements in the QOL after operation, Wang et al. [20]
prefer to use of titanium clip for treating palmar hyperhidrosis.
However, in an experimental study conducted by Loscertales et al.
[21], they found that there are Wallerian degeneration and axon
loss 10 days after clipping. The almost total absence of myelinated
and amyelinated ﬁbres following clip removal suggests that there
was no nerve regeneration, therefore they suggest clipping cannot
be considered a reversible technique.
The recurrence in T4 group occurred in 2 patients (1.4%),
whereas one recurrence was found in T3 group (0.78%) with
P ¼ 0.19. In a study done by Kim et al. [4] on 119 patients, T3 group
showed higher recurrence rate (unilateral or bilateral) than T4
group (1.8% vs 3.2%) but without statistical signiﬁcance.
Over dry hands is one of the side effects of thoracic sympathetic
surgery. In a study by Liu et al. [5], the over dry hands occurred very
rarely in T4 group (1.4%) but quite commonly in group T3 (12.9%). In
our study over dry hand was observed in 8.5% patients in T3 group
in comparison to one patient only in T4 group (0.7%) P ¼ 0.001.
Although T4 sympathectomy theoretically means the least dener-
vation of the hands, it provides sufﬁcient relief and high satisfaction
of patients.
Despite the relatively high number of patients enrolled in this
study, its main limitation includes its retrospective design and its
lack of randomization. We recommend another study to be done on
a prospective randomized way and to cover much more number of
patients.
We conclude that video-assisted T3 or T4 sympathectomy is a
safe and effective procedure for treatment of palmar hyperhidrosis.
T4 sympathectomy appears associatedwith less severe dryness and
CH than T3 sympathectomy during long-term follow-up. Slight
moisture of the hands after surgery appears to be better tolerated
than complete dryness. In this regard, T4 sympathectomy can be a
more useful and viable treatment for reduction of palmar sweating
than T3. Further study is needed to elucidate the anatomical and
physiological mechanisms that inﬂuence palmar dryness and CH
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